In order to elucidate the origin of the plastid division gene ftsZ in green plant lineage, and to understand the signi®cance of this divergence for the function of FtsZ proteins in plants, two fulllength cDNAs (accession numbers AF449446 and AB084236) were isolated from Chlamydomonas reinhardtii, a base species of green plant lineage. A phylogenetic analysis based on amino acid sequences of eukaryotic FtsZs reveals that an ancient duplication of the ftsZ gene occurred after the endosymbiotic event. The ancient duplication implies that two ftsZ families might play an indispensable role at the early endosymbiotic stage.
As a primitive cytoskeleton protein existing in nearly all prokaryotes, FtsZ had also been found in eukaryotic lineage. In addition to a few FtsZ proteins related to mitochondria division in non-green algae, all FtsZ proteins in green plants are plastid related Reski, 2002) . By contrast, although only one ftsZ gene existed in almost all eubacteria, several FtsZ proteins encoded by two small gene families had been identi®ed in plants (Osteryoung et al., 1998) . A model has been proposed to illustrate the functional relationship between the two FtsZ protein groups, with the two ftsZ families being thought to have different functions in plastid division (Osteryoung et al., 1998; Osteryoung, 2000; Osteryoung and McAndrew, 2001) , recent researches indicate that this model is incomplete, and whether there is a distinct functional difference between two FtsZ groups is a matter of debate (Fujiwara and Yoshida, 2001; McAndrew et al., 2001; Miyagishima et al., 2001; Kuroiwa et al., 2002; Wang et al., 2002) .
To gain a new insight into the role of FtsZ proteins in plastid division in green plants' lineage, the isolation of two ftsZ genes from Chlamydomonas reinhardtii and the phylogenetic analysis of eukaryotic FtsZ proteins is reported in this study. An evolutionary view has been proposed to understand the role of two FtsZ groups in plastid division.
A 572 bp fragment obtained from C. reinhadtii total RNA by degenerated primers RT-PCR (forward 5¢-
) was used as a probe to search ChlamyDB (http://www.biology.duke.edu/ chlamy_genome/blast). Several EST clones in the database have been identi®ed. Two full-length cDNAs have been assembled from these EST clones. To verify the results of assembly, two pairs of gene-speci®c primers were designed according to the assembled sequences and the end-to-end PCR reactions were performed (primers for CrFtsZ2: forward 5¢-ACACC TACGATGGCCACTT-TGT-3¢, reverse 5¢-CACACAAGGCCACACTTG-3¢; for CrFtsZ3: forward 5¢-AAGCTCTGAGCGCCACTGAGTCTAC-3¢, reverse 5¢-CACGTGTCCAATCCTTCCCACA-3¢). These veri®ed and sequenced cDNAs were designated as CrFtsZ2 and CrFtsZ3, and deposited into public database under the accession numbers AF449446 and AB084236, respectively. The deduced amino acid sequences of CrFtsZ2 and CrFtsZ3 exhibit high sequence similarity with those of known FtsZ proteins. They contain the typical motifs that exist in all FtsZ proteins. Furthermore, a common GTP binding motif (GGGTGT/SG) found both in FtsZ and tubulin also existed in the second motif (data not shown). Therefore, the two CrFtsZ proteins are used in phylogenetic analysis with other eukaryotic and prokaryotic FtsZ proteins.
Consistent with previous studies (Osteryoung et al., 1998; Gilson and Beech, 2001) , the plant FtsZ proteins form two distinct and separate groups. When CrFtsZ2 and CrFtsZ3 were included in this analysis, they fell respectively into the FtsZ1 and FtsZ2 clusters and so cannot unite the two plant FtsZ groups into a monophyletic clade (Fig. 1) . Thus, it is obvious that the formation of two ftsZ gene families is prior to the divergence of green algae from the green plants lineage. Furthermore, when the FtsZ sequences from red and brown algae were used in this analysis, the topology of the phylogenetic tree changed little, suggesting that the origin of two plant ftsZ families probably results from an ancient duplication just after the ®rst endosymbiotic event or even that the duplication occurred in the ®rst endosymbiotic cyanobacterium as suggested by Gilson and Beech (2001) .
What can be learnt from this ancient origin of ftsZ genes? Although the existence of two distinct ftsZ families in higher plants strongly suggests the possible functional difference between different proteins in plastid division (Osteryoung et al., 1998; Osteryoung, 2000; Stokes et al., 2000) , recent studies cannot draw that conclusion Kuroiwa et al., 2002; Wang et al., 2002; D Kong and Y He, unpublished data) . In fact, all the available experimental evidence supports the view that the members from the two different ftsZ families are involved in plastid division. Therefore, given the important role that both types of FtsZ proteins played in plastid division and the early origin of these two gene families revealed in this study, the ancient duplication of the ftsZ gene might play an indispensable role in the establishment of a stable endosymbiotic relationship between the eukaryotic host cell and its endosymbiont at the early evolutionary stage. (Thompson et al., 1994) . To prevent the arti®cial attraction from the unequal sequence lengths, the divergent N-and C-terminal sequences of FtsZs were deleted, and the protein core region of 317 amino acid positions in the alignment was used to reconstruct a phylogenetic tree. The trees were generated using TREECON (van de Peer and de Wachter, 1993) with the Neighbor±Joining method (Saitou and Nei, 1987) . Branch numbers represent a percentage of bootstrap values in 1000 resampling replicates. Underlines indicate the two sequences isolated in this study. GenBank accession numbers and alignments are available upon request.
